The time evolution of the medium created in heavy ion collisions can be described by hydrodynamical models. After expansion and cooling, the hadrons are created in a freeze-out. Their distribution describes the final state of this medium. To investigate the time evolution one needs to analyze penetrating probes, such as direct photon or dilepton observables. In this paper we analyze an 1+3 dimensional solution of relativistic hydrodynamics, and we calculate dilepton transverse momentum and invariant mass distributions. We investigate the dependence of dilepton production on time evolution parameters, such as emission duration and equation of state. Using earlier fits of this model to photon and hadron spectra, we compare our calculations to measurements as well.
Perfect fluid hydrodynamics
It is well known that the medium created in high energy heavy ion collisions can be described with perfect fluid hydrodynamics, in particular the soft hadron production can be most successfully compared to hydrodynamic models. There was a long search for exact solutions of relativistic hydrodynamics, and only few applicable ones were found. In this paper we extract observables from the relativistic, ellipsoidally symmetric model of Ref. [1] . Hadronic observables were calculated in Ref. [2] , direct photon observables in Ref. [3] . In this paper we calculate transverse momentum distribution and invariant mass distribution of dileptons.
Hydrodynamics is based on local conservation of a conserved charge (n) and energy-momentum density (T µν ). The fluid is perfect if the energy-momentum tensor is diagonal in the local rest frame, i.e. viscosity and heat conduction are negligible. This can be assured if T µν is chosen as
where is energy density, p is pressure and g µν is the metric tensor, diag(−1, 1, 1, 1), while x µ = (t, r x , r y , r z ) is a given point in space-time, τ = √ t 2 − r 2 the The conservation equations are closed by the equation of state (EoS), which defines relationship between energy density and pressure p. Usually = κp is chosen, where κ may depend on temperature T , and solutions with temperature dependent κ were found in Ref [4] . In this paper we however use a solution with constant κ. It is important to see that κ = 1/c 2 s , with c s being the speed of sound. Temperature can then be defined based on entropy density, energy density and pressure.
An important result for hydrodynamic models is, that because hadrons are created at the quark-hadron transition, hadronic observables do not depend on the initial state or the dynamical equations (equation of state) separately, just through the final state [5] . We may fix the final state from hadronic data, but we need penetrating probes, such as photon or lepton data to investigate the equation of state or the initial state.
The analyzed solution
The analyzed solution [1] assumes self-similarity and ellipsoidal symmetry, as described e.g. in Ref. [2] . Thermodynamical quantities are constant on the surface of expanding ellipsoids, given by constant values of
where X(t), Y (t), and Z(t) are time dependent scale parameters (axes of the s = 1 ellipsoid), only depending on the time. The velocity-field describes a spherically symmetric Hubble-expansion:
The temperature distribution T (x) is
where τ 0 is the time of the freeze-out and T 0 is the central freeze-out temperature, while s is the above scalin variable and b is a parameter defining the temperature gradient. If the fireball is the hottest in the center, then b < 0.
Dilepton creation
The hadronic observables can be extracted from the solution via the phase-space distribution at the freeze-out, as discussed eg. in Ref. [2] . This distribution corresponds to the hadronic final state or source distribution S(x, p). See details about this topic in Ref. [2] . It is important to see that the same final state can be achieved with different equations of state or initial conditions [5] . The source function of photons however is sensitive to the whole time evolution, thus both to initial conditions and equation of state as well, as discussed in Ref. [3] . In this paper we calculate dilepton emission from the same hydrodynamic solution as in the References above. Our calculation is similar to the one presented in Refs. [6, 7, 8, 9 ], as we start from the dilepton source given as
with k 1 and k 2 being the momenta of the two particles creating the dilepton pair, v rel is their velocity and σ is the production cross-section of the given process. The relative velocity can be expressed in the pair-comoving frame in the following invariant form:
with M 2 being the dilepton invariant mass squared and m the mass of the two particles and E 1,2 their energy. If we switch from the momenta k 1 and k 2 to the relative and average momenta of P and k
so the dilepton source is
The color-averaged→ l + l − cross-section for a given flavor can be calculated as [10] 
with M 2 being the dilepton invariant mass squared, e q the charge of the given quark (in units of e), and m its mass. The same cross-section for dilepton production in a pion gas can be calculated as
where again M 2 is the dilepton invariant mass squared, m the pion mass, and
is the electromagnetic form factor of pions, summed up for a range of exchangeable particles:
where N i is a normalization factor, m i is the mass of the exchanged particle (e.g. ρ, ω, . . . ) and Γ 2 i its width. In order to obtain the mass-and average momentum dependence of dilepton creation, we assume
and we get
Thus we have to integrate the phase space distribution with respect to x.
To perform this integration we will use a second order saddlepoint approximation. In this approximation the point of maximal emissivity is
while the widths of the particle emitting source are
where we introduced the auxiliary quantities 
with
After integrating on the spatial coordinates, we get
At midrapidity and after integration on the azimuthal angle of the momenta our result is
Now we have ton integrate on time, and assuming ρ x = ρ y (i.e. neglecting azimuthal asymmetry), our result on the dilepton source is
where t 0 is the initial time and t f the final time of the emission, and we introduced the following constant:
Results
We calculated the dilepton production from a thermal quark-gluon plasma type of medium, discovered at RHIC, and from a hadron gas, dominating dilepton production at SPS. Model parameters were based on comparison of the model to hadron [2] and photon production [3] . Results, as well as the dependence on the equation of state (the κ parameter), are shown in Fig. 1 . We also calculated the dilepton production dependence on the evolution time interval, as clearly this determines the absolute normalization of the results. Results on these are shown in Fig. 2 . This is one of the key points of this analysis, since lepton production spans the whole evolution of the Little Bangs created in heavy ion collisions. Thus, with a time dependent model, Figure 1 : Dilepton production for various equation of state parameters (κ), in case of quark annihilation (top) and pion annihilation in a hadron gas through the ρ channel (bottom). Mass dependent curves are integrated out on P t (between 100 and 2000 MeV), while transverse momentum dependent results are taken at M = 1000M eV . These strongly depend on the Equation of State, the spectrum gets much steeper for increasing κ values. The normalization changes as for a large κ, temperature changes slower as a function of proper time.
one may extract information on the time evolution from dilepton observables. One of the most important piece of information is the speed of sound, given through the Equation of State parameter κ as κ = 1/c 2 s . In Ref. [3] , by comparing direct photons to hydrodynamic calculations, we found a value of c s =0.36±0.02, and an initial temperature (determined based on the ratio of initial and final time, as well as on the freeze-out temperature) of ≈ 500 MeV. However, dilepton production depends also on these numbers, and in Figs. 1,2 we analyzed this dependence. The equation of state parameter κ influences the slope of the transverse momentum distribution, but also the shape of the mass distributions.
Comparison with data
We also compared our results to dilepton measurements at RHIC PHENIX [11] . We used the parameters from Ref. [2] , in particular the freeze-out time of 7.7 Figure 2 : Dilepton production dependence on the time evolution interval in case of quark annihilation (top) and pion annihilation (bottom), calculated similarly to Fig. 1 . In the first case, i is defined as the initial dilepton production time divided by the quark-hadron transition time. In the second case, i is the ratio of the chemical freeze-out time and the freeze-out time. Comparison with thermal dilepton production at NA60 [12] and at PHENIX [11] . At SPS, the ρ contribution dominates dilepton production, and at low M there might be a QGP part of the data. However, at RHIC, predominantly QGP is the source of dileptons. Note that we have used vacuum parameters, not in medium values for the vector mesons, which may be the cause for the excess at 800-1000 MeV at SPS. At RHIC, the low mass dilepton excess is also not incompatible with this analysis.
fm/c was the final time in case of quark annihilation, while it was the initial time for hadron production, and we tuned its final time to achieve a description of the data. The EoS was determined in Ref. [3] , the value of c s = 0.36 ± 0.02 stat ± 0.04 syst was used here as well. There is a small excess around M = 500M eV , which may be attributed to the modification We also made a comparision to thermal dilepton data from the SPS NA60 experiment [12] . However, there is clearly one important difference between the two datasets: in case of PHENIX, quark annihilation plays the most important role, while for SPS, pion annihilation through ρ mesons is the most important. It is also clear, that even with the exchange of higher mass mesons, data above ≈ 1 GeV/c cannot be reproduced. This may be attributed to other production mechanisms (not thermal production), and the fact that we did not utilize inmedium hadron spectral functions.
Summary
In high energy heavy ion collisions, particles are created via different production mechanisms. While hadrons are created at the freeze-out of the medium, thermal photons and dileptons are constantly emitted from it. Hadrons thus reveal information about the final state, whereas thermally radiated photons and dileptons carry information about the whole time evolution. In this paper we calculated thermal dilepton production based on a hydrodynamical model. We investigated the dependence of dilepton production on time evolution parameters, such as emission duration and equation of state. Finally, we compared our calculations to RHIC and SPS data, and found according to expectations, that in case of RHIC, quark annihilation plays the most important role, while in case of SPS, dileptons are produced in a hadron gas.
